Summary. Six young female fallow deer, including 3 that were ovariectomized at 9 months of age, were blood sampled at frequent intervals after i.v. injections of (1) ACTH analogue (tetracosactrin), (2) GnRH analogue (buserelin) and (3) 
Introduction
The corpus luteum appears to be the principal source of progesterone in female deer, particularly during the oestrous cycle (e.g. fallow deer, Dama dama: Asher, 1985 ; Asher & Smith, 1987 ; red deer, Cervus elaphus: Adam et al, 1985 ; Pere David's deer, Elaphurus davidianus : Curlewis et al, 1988;  white-tailed deer, Odocoileus virginianus: Harder & Moorhead, 1980) and early pregnancy (e.g. fallow deer: Asher, 1986 Asher, , 1987 red deer: Kelly et al, 1982; Adam et al, 1985) . However, certain anomalies in plasma progesterone concentrations observed occasionally in female red deer and fallow deer cannot be explained in terms of luteal secretion of the hormone. Kelly et al (1985) recorded erratic fluctuations in plasma progesterone concentrations during the peri-oestrous period of mature red deer hinds. Similarly, a single short-duration (2-3 h), high-amplitude (> 5 ng/ml) pulse of plasma progesterone was observed at the onset of oestrus of a mature fallow doe . Unusual incidences of progesterone secretion are not confined to adult female deer. Asher (1986) recorded an increase in mean plasma progesterone concentrations, from 0-5 to 20 ng/ml, in immature fallow does between 10 and 15 months of age and erratic fluctuations in plasma progesterone concentrations (up to 7 ng/ml) occurred in twice-weekly samples from immature does (Asher et al, 1988b) . As significant quantities of active luteal tissue are unlikely to be present before sexual maturity or during the peri-oestrous period, it seems likely that the progesterone observed in these studies was derived from extra-ovarian sources.
Progesterone is known to be secreted in significant amounts by the adrenal glands of rats (Resko, 1969; Fajer et al, 1971 ), ewes (Green & Moor, 1977) and cows (Gwazdauskas et al, 1972; Wagner et al, 1972 (1983) provided further evidence of adrenal progesterone secretion in female and male white-tailed deer.
These studies lend support to the hypothesis that the adrenal glands may be a secondary source of progesterone in fallow deer (Asher, 1986 at -60, -40, -20, 0, 10, 20, 40, 60, 90, 120, 150, 180, 240, 300, 360 and 480 (Asher, 1985) . The antiserum was raised in a rabbit against progesterone-11-BSA conjugate and used at a final dilution of 1:3000. The only significant cross-reaction of a wide range of steroids, including cortisol, tested in the assay was cholesterol (1-5%). Sensitivity of the standard curve was 003 ng per tube (015 ng/ml plasma) and the intra-and inter-assay coefficients of variation were 6-2% and 15-8% respectively.
Plasma cortisol concentrations were measured by a procedure similar to that described for progesterone (Fairclough et al, 1975b) . The antiserum was raised in an ovariectomized ewe against cortisol-3-CMO-BSA and used at a final dilution of 1:3000. Cross-reactivity with other steroids occurred to the following extent: deoxy-17-hydroxycorticosterone 5-7%, cortisone 1-2%, corticosterone 0-8%, dexamethasone 0-02%, deoxycorticosterone 0005%, progesterone and all other steroids tested <0005%. The mean recovery (+ s.d.) of cortisol added to charcoal-stripped plasma was 94-8 ± 101% at 50ng/ml (n = 50 determinations), 100-7 ± 13 3% at 100ng/ml (n = 48), 100-2 ± 14-4% at 200 ng/ml (n = 47) and 90-0 ± 12-8% at 500 ng/ml (n = 32). Extraction efficiency of radioactive cortisol in plasma was 94-2 + 2-7% (« = 10 determinations). AH samples from an individual challenge were included in a single assay. The inter-assay coefficients of variation were 10-6%, 13-2%, 14-4% and 14-4% for 50, 100, 200 and 500 ng/ml control samples respectively. The intra-assay coefficient of variation, calculated from multiple determinations of the 100 ng/ml control sample was 8-8% and the sensitivity of the standard curve was OlOng per tube (10 ng/ml plasma).
Luteinizing hormone (LH) concentrations were determined using a heterologous radioimmunoassay procedure described for sheep plasma by Scaramuzzi et al. (1970) . The entire assay has been validated previously for fallow deer serum and plasma (Asher el ai, 1986) . Sheep pituitary LH preparations used for standards and iodinated tracer were NIH-LH-S 11. The LH antibody, which had been raised in a rabbit also using NIH-LH-S11 as the antigen, was used in the assay at a final dilution of 1:200 000. Cross-reactivity with other proteins has been described previously (Kelly et al., 1982; Asher et al, 1986) . Serial dilutions of pooled serum or plasma from oestrous does with high con¬ centrations of immunoreactive LH gave inhibition curves parallel to those generated for NIH-LH-S11 in buffer . The inter-assay coefficients of variation, calculated from determinations of sheep (mean concen¬ tration = 4-8 ng/ml) and deer (mean = 3-2 ng/ml) control samples in each assay (n = 4 assays) were 12-7% and 14-2% respectively. The intra-assay coefficients of variation for multiple determinations of the same control samples were 5-2% and 7-0% respectively. The sensitivity of the standard curve was 003 ng NIH-LH-S 11 per tube (0-30 ng/ml).
Statistical analysis. The data were log-transformed and subjected to analysis of variance in which challenge type (ACTH, GnRH and saline), age (11, 13, 15 and 18 months) and their interaction, plus interactions of these with doe type (entire and ovariectomized), were tested against corresponding variation between does. The data are presented graphically as non-transformed means (+ 1 s.e.m.).
Results

Progesterone responses
During the 3 prepubertal age periods (11, 13 and 15 months) there was a significant effect of challenge type (ACTH vs GnRH and saline; < 0001), but no apparent effect of doe type (P > 0-1), on plasma progesterone concentrations (Fig. 1) . For entire and ovariectomized does, ACTH injection resulted in a 4-10-fold increase in mean plasma progesterone concentrations to attain peak values (4-8 ng/ml) within 40 min after challenge. The concentrations declined progres¬ sively from 40 to 180 min after challenge. GnRH challenge and saline injection did not result in increases in mean plasma progesterone concentrations during the prepubertal period. As with ACTH challenge, mean values towards the end of each sampling session were generally lower than corresponding pre-challenge values.
During the post-pubertal period (18 months) there was a significant difference between entire and ovariectomized does in mean progesterone concentrations before and after challenge with GnRH (P < 0001), being 3-4ng/ml for entire does and 0-3-10ng/ml for ovariectomized does (Fig. 1) . However, the response to ACTH challenge was of similar magnitude for both types of does (~6 ng/ml above respective basal values) and of similar magnitude to ACTH-induced changes observed in the prepubertal period. The entire does exhibited a small, non-significant (P > 0T) rise in mean plasma progesterone concentrations immediately after GnRH challenge (i.e.~2 5% increase) that was not apparent for the ovariectomized does or for both types of does following saline injection.
Cortisol responses
Throughout the 4 age periods there was no significant effect of doe type on the pattern of plasma cortisol changes (P > 01) but there was a significant challenge effect (P < 0-001) (Fig. 2) . Mean pre-challenge plasma cortisol concentrations of entire and ovariectomized does varied (Fig. 2) .
LH responses
There were significant challenge type and doe type effects on mean plasma LH concentrations (P < 0001) (Fig. 3) . Throughout the 4 age periods mean plasma LH concentrations before challenge were consistently higher for ovariectomized does (3^1 ng/ml) than for entire does (0-5-1-0 ng/ml). The (Fig. 3) .
Neither ACTH challenge nor saline injection had any significant effects on mean plasma LH concentrations (P > 0-1).
Discussion
The rapid elevation of plasma progesterone concentrations in ovariectomized and entire fallow does after ACTH administration clearly implicates the adrenal glands as a major source of the hormone in this species. It seems likely, therefore, that the occasional anomalous progesterone profiles observed in fallow deer, and other cervid species, also represent adrenal progesterone secretion in response to various Stressors.
Plasma progesterone concentrations following ACTH challenge were similar to peripheral plasma concentrations of apparent luteal origin occurring during the oestrous cycle (Asher, 1985) and pregnancy (Asher, 1987) . Likewise, erratic fluctuations in plasma progesterone concentrations during the perioestrous period of some red deer hinds (Kelly et al, 1985) were similar to concen¬ trations presumably derived from luteal sources (Adam et al, 1985) . Furthermore, adrenal glands of white-tailed deer does contribute more than 3 ng progesterone/ml to the peripheral circulatory system (Plotka et al, 1983) . Thus progesterone of adrenal origin may occasionally confound interpretation of plasma progesterone profiles for a number of deer species. For example, high mean basal concentrations of plasma progesterone (3-4 ng/ml) in the entire fallow does at 18 months of age (Fig. Id) (Armstrong et al, 1969; ,1975 Baker, 1973 There has been considerable speculation on how the adrenal gland might influence reproductive function in mammals (reviews: Parkes efe Deanesly, 1966; Moberg, 1985) . Adrenal progesterone secretion may affect various components of the reproductive process. For example, Plotka et al (1983) postulated that adrenal progesterone in white-tailed deer may help to maintain pregnancy during periods of stress by neutralizing the pregnancy-terminating action of cortisol. Alternatively, high blood progesterone concentrations after adrenal stimulation may inhibit oestrus and ovulation during the breeding season, thus preventing pregnancy under highly stressful conditions. Our blood sampling regimen lacked sufficient precision and duration to detect any possible changes in LH pulse frequency in response to adrenal progesterone secretion in fallow does.
Evidence that progesterone secretion, possibly of adrenal origin, may affect LH secretion during the breeding season of fallow deer was provided by Asher et al (1986) who reported a mature doe with a very high plasma concentration ( > 5 ng/ml) of progesterone, at the onset of oestrus, which appeared to depress the preovulatory LH surge. However, this situation, and that from the present study, only related to transitory stimulation of the adrenal glands, resulting in transient increases in progesterone secretion. Sustained adrenal stimulation associated with environmental or social Stressors could have more long-term effects on reproduction in fallow deer.
